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Mice were sacrificed by cervical dislocation under isoflurane anesthesia (confirmed by 154 lack of pedal withdrawal reflex). Extensor digitorum longus (EDL) or soleus muscles were 155 carefully dissected and tied at both tendon ends with 5-0 silk sutures (Thermo Fisher,
156
Waltham, MA). Muscles were tied to an anchor at the proximal end and a dual mode force 157 transducer (Aurora 300B-LR, Aurora, ON, Canada) at the distal end in a vertical bath at 158 22°C. All protocols were performed in the absence of additional carbon fuel sources (i.e. 159 amino acids, glucose, etc.) to restrict muscles to stored fuel supplies. The bath solution 160 was a modified Krebs Ringer solution described previously (24) . All muscles were 161 dissected and mounted within 15 mins of sacrifice. Muscles were equilibrated in the bath 162 for 10 mins, and optimal length (L 0 ) was determined by stimulating twitch contractions 163 (0.2ms pulse width, 1 pulse/train) at 10 second intervals and adjusting the length 164 incrementally until maximal force was achieved. Supramaximal stimulation voltage for 165 both muscle types was determined to be 20V. L O (mm) was measured using a digital 166 microcaliper (Thermo Fisher, Waltham, MA). A force frequency curve was developed for 167 each muscle using stepwise increasing stimulation frequencies of 10, 20, 40, 60, 80, 100, 168 and 120 Hz (.2ms pulse width, pulses/train=half of the stim. Freq.). Baths were aerated 169 with 95%O 2 /5%CO 2 (oxygenated; O 2 condition) during L O determination and the initial 170 force frequency curve. The aeration source was then either left the same or changed to 171 95%N 2 /5%CO 2 (hypoxic; N 2 condition) to simulate ischemia. The muscles were then 172 equilibrated for 10 mins, and an initial isokinetic contraction protocol was elicited in the O 2 173 condition (100Hz isometric contraction for 0.8 seconds followed by a 3mm shortening 174 phase over .3 seconds, then a return to L o over 30s for the EDL; for the soleus 80Hz 175 isometric contraction was elicited for 0.8 seconds followed by a 4mm shortening phase 176 over .4 seconds, then a return to L o over 30s). The aeration source was then either left the 177 same or changed to 95%N 2 /5%CO 2 (hypoxic condition), with experimental conditions 178 alternated each time to reduce bias. The muscles were then equilibrated for 10 mins, 8 179 followed by stimulated isokinetic contractions every 10 mins for 180 mins (18 total 180 contractions). We chose this timing based on our previous observation that excitation 181 contraction coupling is impaired in muscles isolated from BALB/c mice 180 minutes after 182 induction of acute hindlimb ischemia (in the absence of histological signs of tissue 183 necrosis) (19) . A second force frequency curve was measured following the 180-min.
184
isokinetic protocol without changing the aeration source. Muscles were removed from the 185 apparatus, blot dried on paper, weighed, and flash frozen in liquid nitrogen for biochemical 
191
Absolute isometric force measurements were normalized to mathematically approximated 192 cross-sectional areas of the muscles. The cross-sectional area for each muscle was 193 determined by dividing the mass of the muscle (g) by the product of its optimal fiber length 194 (L f , cm) and estimated muscle density (1.06 g cm -3 ). Muscle force production was 195 expressed as specific force (N/cm 2 ) determined by dividing the tension (N) by the 196 calculated muscle cross-sectional area. L f was obtained by multiplying L O by the standard 197 muscle length to fiber length ratio (0.45 for adult mouse EDL; 0.71 for soleus)(25). A gas 198 calibrated Clark electrode (Innovative instruments, Lake Park, NC) was used to assess 199 the oxygen saturation of the isolated bath medium under both aeration conditions prior to 200 carrying out the experiments. O 2 conditions were approximately 90% saturation measured 201 at the center of the bath (after 10 mins of aeration). N 2 conditions were <2% saturation.
203
Measurement of glycogen content in whole tissue 9 204 Skeletal muscle and liver tissues were flash frozen in liquid nitrogen and stored at -80°C.
205
Glycogen assays were performed using acid hydrolysis and an enzyme coupled 
231
Adenosine nucleotides and degradation products were assayed using an Acquity UPLC 232 H class system (Waters, Milford, MA). Metabolites were identified by comparison of peak 233 retention times of pure, commercially available standards (Sigma-Aldrich). These UPLC 
243
Sample variance (in figure panels) is represented by sample standard deviation (SD).
244
Analyses and plotting were carried out using Graphpad prism (V8.01; Windows 10).
245
Unpaired two-tailed t-tests were used for between group comparisons. For comparison of 246 means, p values of < 0.05 were considered statistically significant.
248

Results
249
Extensor digitorum longus (EDL) and soleus muscles were chosen for their known 250 differences in thermodynamic efficiency(28). The muscles also characteristically rely on 251 different modes of energy metabolism (glycolytic and oxidative metabolism 252 respectively)(29). The specialized nature of each muscle is highlighted for illustrative 253 purposes by whole mount imaging (Fig 1) , contrasting the dramatically different 254 microvascular anatomy, cellular lipid droplet distribution (BODIPY), and mitochondrial 255 density/distribution (NAD(P)H). 
268
Fasting is a well characterized and effective method of whole body carbohydrate depletion 269 in mice, due to their high thermal conductivity and large surface area to body volume 270 ratio(23). This method was chosen for this study because it is independent of the 271 confounding effects of exercise or contraction induced fatigue(30). The mean change in 272 bodyweight over the fasted period (24 hours) was 3.9 ± 0.12 grams, approximately 13% 273 of the mean initial weight. We observed a large difference in stored glycogen levels 274 between fed and fasted groups in both liver (~90% lower) ( 
286
Fasting had no effect on the isometric force-frequency relationship at baseline or under 287 any of the tested conditions in the EDL (Fig 2A) or soleus (Fig 2B) , indicating reduced 288 carbohydrate pool size did not alter excitation-contraction coupling. Specific force values 289 for both muscles were consistent with those obtained previously(24). Additionally, we 290 observed characteristic reductions in maximal specific force following the O 2 protocols 291 (and completely impaired force production following the N 2 protocols) in both muscles ( Fig   292   2A,B) . Notably, the isometric force capacity during each protocol did not differ between 293 the fed and fasted groups in either the EDL (Fig 2C) or the soleus (Fig 2D) . Similarly, the 294 work capacity over the course of the protocols did not differ for either muscle between the 295 fed and fasted states (Fig 2E,F) . As expected, the force and work capacities were greatly protocol for the EDL (Fig 3A) and soleus (Fig 3B) . This measurement represents the 313 ability of the muscle to perform sustained non-shortening contractions. Additionally, the 314 length-time integral of the isokinetic portion of each contraction was also plotted against 315 the number of contractions for the EDL (Fig 3C) and soleus (Fig 3D) . This measurement 
322
window of time. Passive tension was measured at the start of each contraction for the EDL 323 ( Fig 3E) and soleus (Fig 3F) . This measurement represents stiffening of the muscle, which 14 324 may be due to several possible factors, including impaired calcium reuptake or cellular 325 swelling due to uncontrolled fluid uptake(31). None of the muscles experienced substantial 326 changes in passive tension during the O 2 protocol. Large increases in passive tension 327 occurred in both muscles under N 2 conditions. Interestingly, passive tension development 328 occurred earlier in the fasted groups (Fig 3E,F) . To account for the possibility that the 329 muscles were accumulating excessive water, the wet weights of the EDL (Fig 3G) and 330 soleus (Fig 3H) were plotted. No differences in wet weight between the fed and fasted 331 states were observed in either muscle, and all the tested muscles accumulated additional 332 weight following the N 2 protocol. 
343
We next measured the muscle glycogen levels following the O 2 and N 2 protocols. The N 2 344 protocol reduced glycogen concentrations in all the muscles tested, relative to the O 2 345 condition ( 
367
TAN pool decreased slightly in both EDL (Fig 4C) and soleus (Fig 4D) muscles compared 368 to our reported baseline values (Fig 4 A,B) , but did not differ between fed and fasted 369 groups. Following N 2 protocols, there were large decreases in the TAN pool in both the 370 EDL (Fig 4E) and soleus (Fig 4F) , with accompanying increases in the tissue IMP 371 concentrations (Fig 4G,H) . However, no substantial differences were observed between 372 the fed and fasted groups for either muscle type. 
381
Groups.
383
Previous reports have indicated that dystrophin IF staining is rapidly reduced in skeletal 384 and cardiac muscle during early myonecrosis (19, 32) . Immunofluorescent staining for the 385 sarcolemmal protein dystrophin and the extracellular matrix protein laminin was performed 386 on a subset of transverse sectioned muscles to assess the possibility that muscles were 387 incurring damage during the contraction protocols. No apparent changes were observed 388 in the EDL (Fig 5A) or soleus (Fig 5C) the N 2 protocol in the EDL (Fig 5B) and soleus (Fig 5D) . Together these assessments did 
413
shortening vs. non-shortening)(35). Glycogen is the primary storage form of glucose in 414 skeletal muscle, and is a major source of fuel during most forms of muscle activity(36).
415
Importantly, glycogen is also the primary source of stored fuel utilized to regenerate ATP 416 via substrate level phosphorylation in anaerobic glycolysis during severe hypoxia(35).
417
Depletion of stored muscle glycogen by fasting or exhaustive exercise results in impaired 418 fatigue resistance and recovery in isolated rodent muscles under normoxic conditions(36-419 38). Under ischemic conditions, this effect would be expected to lead to cumulative 420 reductions in energetic capacity due to the inability to resynthesize ATP and phospho-421 creatine (PCr) that is used in support of contraction or resting metabolic processes.
422
Overnight fasting in rodents results in more dramatic metabolic effects than human 423 overnight fasting, but induces experimentally reproduceable reductions in systemic 424 carbohydrate stores that are similar to more extreme physiological conditions such as 425 hyperinsulinemia, hypoglycemia, or post exercise recovery (11, 14, 23, 39) . We were 426 somewhat surprised to find that dramatically reduced muscle glycogen levels had no 427 substantial effect on the timing or magnitude of muscle functional impairment under 428 ischemic conditions. Our findings indicate that both muscle types retain a large pool of 429 stored glycogen that is non-essential for reserve mechanical force production during 430 hypoxia. It is not clear what the reserve glycogen pool contributes to in vivo during fasting.
431
Future studies could be directed to investigate its' potential involvement in the fiber types would be better suited to performance during hypoxia due to their preference 462 for stored carbohydrate dependent energy metabolism (36, 37, 47) . However, several 463 studies have indicated a high degree of sensitivity of fast glycolytic muscles to 464 ischemia/reperfusion injury (16, 17, 48) . One important contributing factor to this effect is an 465 energetic inefficiency of contraction due to interactions at the level of the acto-myosin 466 crossbridges (28, 49) . In the present study, we observed that Soleus muscles stored more 467 glycogen at baseline, had greater specific force/work capacities, and produced absolute 468 force for a longer period during ischemia compared to EDL muscles. These observations 469 are consistent with previous reports (48, 50) . Though the absolute differences in glycogen 470 concentrations between groups were larger in the soleus compared to the EDL, the 471 response coefficient (R Glyc ) which facilitates interpretation of group differences relative to 472 their baseline concentration, indicated that the patterns of utilization were not different 473 between the two types of muscles. We interpret these findings to mean that the greater 474 basal glycogen concentration observed in the soleus muscles was likely not the primary 475 factor underlying it's enhanced ischemic mechanical performance.
477
Conclusion
478
Investigating the key factors that affect the timing of muscle energetic failure during 479 ischemia will aid in identifying optimal windows for therapeutic intervention. We predicted 480 that the amount of stored carbohydrate is one such factor, as it is a major contributor to 481 anaerobic energy metabolism and is influenced by several physiologically relevant 482 conditions. We conclude that mouse hindlimb muscles maintain a large pool of stored 483 carbohydrate that is utilized during fasting but does not contribute substantially to the 484 timing of functional decline during acute ischemia. The carbohydrate lowering effects of 485 fasting did not substantially affect the total capacity or timing of contractile function 486 impairment in either muscle type. However, fasting did result in substantial increases in
